In this retrospective cohort study, we examined the association between predialysis nephrology care status and emergency department (ED) events among patients with end-stage renal disease. Data pertaining to 76,702 patients who began dialysis treatment between 1999 and 2010 were obtained from the National Health Insurance Research Database of Taiwan (NHIRD). The patients were divided into three groups based on the timing of the first nephrology care visit prior to the initiation of maintenance dialysis, and the frequency of nephrologist visits (i.e., early referral/frequent consultation, early referral/infrequent consultation, late referral). At 1-year post-dialysis initiation, a large number of the patients had experienced at least one all-cause ED visit (58%), infection-related ED visit (17%), or potentially avoidable ED visit (7%). Cox proportional hazard models revealed that patients who received early frequent care faced an 8% lower risk of all-cause ED visit (HR: 0.92; 95% CI: 0.90-0.94), a 24% lower risk of infection-related ED visit (HR: 0.76; 95% CI: 0.73-0.79), and a 24% lower risk of avoidable ED visit (HR: 0.76; 95% CI: 0.71-0.81), compared with patients in the late referral group. With regard to the patients undergoing early infrequent consultations, the only marginally significant association was for infection-related ED visits. Recurrent event analysis revealed generally consistent results. Overall, these findings indicate that continuous nephrology care from early in the predialysis period could reduce the risk of ED utilization in the first year of dialysis treatment.
Introduction
Researchers around the globe have noted increases in the number of people diagnosed with end-stage renal disease (ESRD) and the number of patients receiving maintenance dialysis treatment [1, 2] . Compared to the general population, ESRD patients are generally older individuals with inferior health and multiple comorbidities. As a result, ESRD is associated with high morbidity levels and a high risk of early death [3] . ESRD also imposes high social costs and is a considerable draw on medical resources. A number of researchers have recommended that patients with end-stage of chronic kidney disease (CKD) be referred to specialist nephrology services as soon as possible in order to prepare for long-term dialysis and manage the various risk factors associated with this disease [4] . Early nephrology referral is particularly important for patients with advanced CKD.
Early referral can help to slow the progression to ESRD and diminished renal function [5, 6] . It has also been associated with reduced healthcare costs [7] , reduced risk of cardiovascular events [8] , reduced risk of early technique failure [9] , and lower hospitalization and mortality rates [5, [10] [11] [12] [13] [14] . Patients who receive an early referral tend to enjoy more quality-adjusted life-years (QALYs) [15] , superior placement of dialysis access [12, 16] , and greater freedom in the selection of dialysis modality [17] . However, the association between patterns in predialysis care and visits to the emergency department (ED) has yet to be elucidated.
Patients undergoing dialysis tend to make frequent visits to the emergency department (ED) [18, 19] , particularly those receiving maintenance hemodialysis [20] . Even after controlling for age and sex, these patients are eight times more likely than those not receiving dialysis to be transferred to an ED [21] . This is a clear indication of the need for strategies and interventions to reduce the health risks facing dialysis patients. One previous study included nephrology care as a prime factor affecting ED use within one year after the initiation of dialysis in patients with ESRD [22] ; however, there was no mention of the timing with which nephrology care was implemented.
One recent study reported that the timing of referrals and the frequency of nephrology care strongly influence the healthcare received by patients approaching the ESRD stage [8] . In this study, we employed long-term data in characterizing the association between the timely implementation of continuous predialysis nephrology care and the risk of ED visits within the first year after beginning long-term dialysis. This study was based on the hypothesis that early frequent nephrology care reduces the probability of all-cause, infection-related, and potentially avoidable ED visits among patients diagnosed with ESRD.
Methods

Dataset
The data used in this study was obtained from the National Health Insurance Research Database (NHIRD) of Taiwan, which is maintained by the National Health Research Institute (NHRI). We obtained a random sample of patients who had either received dialysis care, or had a principal diagnosis of acute kidney injury, CKD, or a severe neurological disease during the study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . The random sample included two million patients (random sampling fraction = 71%). The research data included demographic information, diagnoses, treatment procedures, prescriptions, health insurance information, and the type of medical service providers (for outpatients and inpatients). To ensure patient confidentiality, the database includes only de-identified information, and linkages to other databases are prohibited. This study was approved by the institutional review board of the Far Eastern Memorial Hospital (approval number 102167-E), which waived the requirement for informed consent.
Design and Study Participants
This observational retrospective cohort study enrolled ESRD patients who started receiving long-term dialysis therapy between 1 January 1999 and 31 December 2010. Long-term dialysis was defined as dialysis treatment spanning >90 days, during which the interval between each session was <60 days. We excluded patients with missing information related to date of birth or sex as well as patients aged <20 years at the time of the first dialysis treatment.
Patient tracking was conducted from the initiation of long-term dialysis to the occurrence of an ED event, the receipt of a successful kidney transplant, death, loss to follow-up, or the end of the study period (365 days post-dialysis). The dates of deaths were confirmed by referring to the registry of catastrophic illness or the patient's discharge status. In cases where the medical care records of a patient were not updated for more than one year, the patient was deemed lost to follow-up.
Variables
Independent Variables
We adopted the approach outlined by Yang et al. [8] to divide the patients into three groups based on predialysis care patterns (i.e., the time of referral to a specialist and the frequency of consultations with a nephrologist). The groups are described as follows: (1) late nephrology care group: patients who made their first visit to a nephrologist within 6 months prior to the initiation of long-term dialysis; (2) early frequent nephrology care group: patients who made their first visit to a nephrologist more than six months prior to the initiation of long-term dialysis and made at least one visit to a nephrologist every three months; (3) early infrequent nephrology care: patients who made their first visit to a nephrologist more than six months prior to the initiation of long-term dialysis and made visits to a nephrologist at intervals exceeding three months.
Outcome Variables
Analysis was performed to identify all-cause ED visits, infection-related ED visits, and potentially avoidable ED visits within the first year following the initiation of dialysis. ED events were coded using discharge diagnosis codes from the international classification of disease, ninth revision, clinical modification (ICD-9-CM).
Infection-related ED use included ED visits for bacteremia, endocarditis, peritonitis, septicemia, gastrointestinal infection, genitourinary infection, joint or bone infection, pulmonary infection, and soft-tissue infection [23] . The definition and technical specifications of potentially avoidable ED use were obtained from the prevention quality indicators (PQIs) version 6.0 prepared by the agency for healthcare research and quality (AHRQ) [24] . We adopted the AHRQ definitions for overall, acute, and chronic composite PQIs in assessing potentially avoidable ED visits and ED visits related to acute disease and chronic disease conditions. Each composite indicator was aggregated at the patient level. The criteria used to define a potentially avoidable ED visit included the occurrence of any of the following PQIs: bacterial pneumonia, urinary tract infection, dehydration, adult asthma, chronic obstructive pulmonary disease, short-or long-term complications from diabetes mellitus, uncontrolled diabetes mellitus, diabetes mellitus-related lower extremity amputation, hypertension, and heart failure. The criteria used to define acute disease condition included ED visits for dehydration, bacterial pneumonia, urinary tract infection, and dehydration. The criteria used to define chronic disease condition included ED visits for adult asthma, chronic obstructive pulmonary disease, short or long-term complications from diabetes mellitus, uncontrolled diabetes mellitus, diabetes mellitus-related lower extremity amputation, hypertension, and heart failure.
Covariates
The covariates in this study included the year in which long-term dialysis was initiated and the age, sex, economic status, dialysis modality, and baseline health status of the patients. The baseline health status of the patients was estimated using the occurrence of hospitalization, the number of physician visits, Deyo's Charlson comorbidity index (CCI), and comorbid conditions within one year prior to the initiation of long-term dialysis.
The NHIRD does not list socioeconomic indicators (e.g., education or personal/household income); therefore, we sought to establish the economic status of the patients based on the level of their insurance premiums. Dialysis modality refers to methods established within three months after the initiation of maintenance dialysis treatment. Outpatient clinic visits were divided into three equal tertiles. CCI and comorbidities were calculated in cases where a diagnosis had been recorded at least three times in the outpatient claim records or at least one time in the inpatient claim records. Comorbid diseases included arrhythmia, cancer, cerebral vascular disease, chronic liver disease, chronic obstructive pulmonary disease, coronary artery disease, dementia, diabetes, dyslipidemia, gout, heart failure, hypertension, osteoporosis, peripheral vascular disease, peptic ulcer disease, psychiatric disorders, and valvular heart disease.
Statistical Analysis
Prior to conducting the analysis, the distributions of the continuous variables were assessed using the Kolmogorov-Smirnov test. In cases where the data were normally distributed, analysis of variance was used for continuous variables; otherwise, if the data were non-normally distributed, the Kruskal-Wallis test was used to compare between-group differences. The chi-square test was used for categorical variables. The Cox proportional hazard model was used to evaluate the association between patterns in predialysis care and the first ED event in the early dialysis period. Considering that participants could have repeated ED events during follow-up, we employed proportional rates and proportional means regression models for recurrence data [25] .
Sensitivity analysis was conducted to determine the composite outcome of an ED event or death. Subgroup analysis was performed according to age, sex, economic status, treatment modality, CCI, and diabetes status to evaluate potential effect modifiers. All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA). chronic obstructive pulmonary disease, coronary artery disease, dementia, diabetes, dyslipidemia, gout, heart failure, hypertension, osteoporosis, peripheral vascular disease, peptic ulcer disease, psychiatric disorders, and valvular heart disease.
Results
Patient Characteristics and Nephrology Care Status
Statistical Analysis
Sensitivity analysis was conducted to determine the composite outcome of an ED event or death. Subgroup analysis was performed according to age, sex, economic status, treatment modality, CCI, and diabetes status to evaluate potential effect modifiers. All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Patient Characteristics and Nephrology Care Status
Figure 1 presents a flowchart showing the patient recruitment process. Between 1999 and 2010, a total of 77,174 patients in the database started long-term dialysis; however, 426 patients were excluded due to age and 46 were excluded due to missing data. Among the remaining 76,702 eligible patients, 38.7% received early frequent care, 22.7% received early infrequent care, and 38.6% received late nephrology care. Compared with the other groups, the early frequent group included patients with a higher average age and higher economic status. Furthermore, most of the patients in the early frequent group were women and underwent peritoneal dialysis. Within one year prior to the initiation of long-term dialysis, patients in the early frequent group were more likely to visit outpatient clinics; however, they were less likely to be admitted to hospital. Patients in the early infrequent care group were more likely to develop comorbid conditions. Baseline characteristics in predialysis referral patterns are listed in Table 1 . Baseline characteristics of patients with and without ED visit are shown in Appendix A, Table A1 . 
ED Event Distribution
During follow-up, a large number of the patients experienced at least one all-cause ED visit (58%), infection-related ED visit (17%), or potentially avoidable ED visit (7%). The mean number of ED visits per patient-year were as follows: all-cause ED visits (1.73), infection-related ED visits (0.28), and potentially avoidable ED visits (0.09). Patients who received early referrals and made frequent visits to their physician had the lowest mean number of ED visits, and had a lower rate of frequent ED users (i.e., equal to or more than three times visits to the ED) ( Table 2 ). 
Risk of ED Events within 1-Year after Beginning Dialysis
Compared to patients in the late group, the adjusted hazard ratio (HR) of all-cause ED visits was 0.92 for patients receiving early frequent care (95% confidence interval [CI]: 0.90-0.94) and 1.01 for patients receiving early infrequent care (95% CI: 0.99-1.04) ( Table 3) . After adjustment for covariates, patients receiving early frequent care faced a 24% lower risk of infection-related ED visit (HR: 0.76; 95% CI: 0.73-0.79), whereas patients receiving early infrequent care experienced 6% lower risk of infection-related ED visit (HR: 0.94; 95% CI: 0.90-0.98).
In terms of potentially avoidable ED visits, patients in the early frequent group faced a 24% lower risk for all-condition avoidable ED visits (HR: 0.76; 95% CI: 0.71-0.81) compared to patients in the late group. The effects of early frequent care on acute-condition and chronic-condition avoidable ED visits followed the same trend (data not shown).
As shown in Table 3 , our analysis of recurrent ED visits yielded results similar to those above. When death was considered a composite outcome in sensitivity analysis, the influence of early frequent care on first ED events anda recurrent ED events was consistent. Subgroup analysis revealed that younger patients, non-diabetics, patients with lower CCI scores, and those with higher economic status benefited the most from early frequent nephrology care in terms of improved healthcare outcomes (Figures 2 and 3) . vascular heart disease). Abbreviations: ED, emergency department; CI, confidence interval; HR, hazard ratio; RR, relative risk. a Reference group is late nephrology care.
After adjustment for covariates, patients receiving early frequent care faced a 24% lower risk of infection-related ED visit (HR: 0.76; 95% CI: 0.73-0.79), whereas patients receiving early infrequent care experienced 6% lower risk of infection-related ED visit (HR: 0.94; 95% CI: 0.90-0.98).
As shown in Table 3 , our analysis of recurrent ED visits yielded results similar to those above. When death was considered a composite outcome in sensitivity analysis, the influence of early frequent care on first ED events anda recurrent ED events was consistent. Subgroup analysis revealed that younger patients, non-diabetics, patients with lower CCI scores, and those with higher economic status benefited the most from early frequent nephrology care in terms of improved healthcare outcomes (Figures 2 and 3) . Index; DM, diabetes mellitus; HD, hemodialysis; HR, hazard ratio; PD, peritoneal dialysis; Pint, p value for interaction term.
(a) (b) (c) Figure 3 . Subgroup analysis of relative risk for 1-year ED visits between the early-frequent and late-nephrology-care groups for recurrent events of (a) all-cause, (b) infection-related, and (c) potentially avoidable ED visits. Abbreviations: ED, emergency department; CCI, Deyo's Charlson Comorbidity Index; DM, diabetes mellitus; HD, hemodialysis; HR, hazard ratio; PD, peritoneal dialysis; Pint, p value for interaction term.
Discussion
In this study, we investigated the relationship between the timing and continuity of predialysis nephrology care and ED events among patients undergoing maintenance dialysis. This observational cohort study was based on data obtained from a comprehensive nationwide database (NHIRD) of healthcare utilization in Taiwan. Our results revealed that frequent nephrology care for ESRD patients in the early predialysis stage was associated with a lower risk of all-cause, infection-related, and potentially avoidable ED visits within the first year of dialysis (adjusted HR = 0.92, 0.76, and 0.76, respectively). Note that the time of care was not the sole issue. Early but infrequent care was associated with only a marginally lower risk of infection-related ED visit.
We discovered that 58% of the patients in this study were admitted to the ED within one year after beginning dialysis treatment, and the mean number of all-cause ED visits was 1.73 per patient-year during the study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Two recent population-based studies investigated the incidence of ED visits among patients with ESRD. One U.S. Medicare cohort study reported that after initiating dialysis, 55% of the patients were admitted to ED within one year (2.89 ED visits per patient-year) [22] . Another Canadian cohort study reported 1.5 ED visits per patient-year [21] . It is likely that the high rate of ED visits among dialysis patients can be attributed to urgent or critical clinical situations, such as complications of vascular access or adverse cardiovascular events.
Researchers have previously reported that patients who received early referrals have better control over clinical parameters (e.g., blood pressure and serum levels of albumin, bicarbonate, calcium, cholesterol, hemoglobin, potassium, and phosphate), compared to patients who received referrals after an extended duration [11, 13, 26] . This is an indication that early referrals make it Figure 3 . Subgroup analysis of relative risk for 1-year ED visits between the early-frequent and late-nephrology-care groups for recurrent events of (a) all-cause, (b) infection-related, and (c) potentially avoidable ED visits. Abbreviations: ED, emergency department; CCI, Deyo's Charlson Comorbidity Index; DM, diabetes mellitus; HD, hemodialysis; HR, hazard ratio; PD, peritoneal dialysis; Pint, p value for interaction term.
Researchers have previously reported that patients who received early referrals have better control over clinical parameters (e.g., blood pressure and serum levels of albumin, bicarbonate, calcium, cholesterol, hemoglobin, potassium, and phosphate), compared to patients who received referrals after an extended duration [11, 13, 26] . This is an indication that early referrals make it easier to manage health status and in so doing reduce the likelihood of escalation to urgent status. In this study, we discovered that patients who received referrals early and made frequent visits to their physician were less likely to be hospitalized within one year prior to initiating dialysis, despite the fact that patients in this group tended to be older and presented higher CCI scores. This means that frequent consultations with nephrologists before the disease has a chance to progress enhances the likelihood of a favorable outcome.
Nonetheless, it is important to note that the patient (not the physician) decides whether to visit the ED. This appears to indicate that early nephrological intervention may influence the self-management ability of the patient by enabling more informed decisions. The education of patients in terms of self-care could help them to identify signs of impending clinical difficulties and improve their ability to deal appropriately with important symptoms that might otherwise result in an ED visit. For instance, nephrologists could educate their patients of the dangers of swelling and/or rapid gain weight. Patients should be made aware that under these conditions, they should control their intake of dietary phosphorus, undergo dialysis earlier than scheduled, or perhaps take a diuretic instead of heading directly to the ED. Prior to dialysis, it is important that nephrologists enable the timely preparation of dialysis access in hemodialysis patients [27] in order to reduce the risk of systemic infection [28, 29] . Many CKD patients with impaired kidney function take medication at inappropriate dosages [30, 31] . Researchers have shown that adverse events associated with the inappropriate use of medications can increase the frequency of ED visits among older adults [32] . Nephrologists are more likely than primary care physicians to focus on appropriate dosing for patients with renal disease [33] .
In terms of the initial contact with a nephrologist, the cutoff point between a late referral and early referral has been set at one month [27] , three months [9] [10] [11] 13] , four months [14, 17, 34] , six months [5, 8, 35, 36] , or one year [7, 26, 37] . Notwithstanding the variations in defining nephrology referral timing, Quaglia et al. mentioned that, "Predialysis nephrology care is a much wider concept than providing the patient with a dialysis access-a crucial but minimal requirement-and consequently demands a longer time (i.e., several years) to produce results." [38] . In this study, we discovered that a referral six months prior to dialysis does not necessarily reduce the risk of unfavorable outcomes; however, an early referral in conjunction with frequent nephrologist consultations can reduce the risk of ED visits among patients with ESRD. The continuity of nephrology care makes a difference. With continuous care, nephrologists may coordinate the care plan and provide proactive care according to the spectrum of problems encountered in pre-ESRD patients. On the other hand, patients would have more chances to learn how to cope with the health challenges at predialysis stage with the continuous help and support from professionals.
This study has a number of limitations. First, the NHIRD does not list marital status, education, health literacy, family history, health behaviors, or social support. Moreover, we were unable to control for clinical values, such as the results of laboratory tests. Second, our results are susceptible to various forms of bias due to our inability to measure the rate of CKD progression to ESRD. Third, we were unable to determine the triage status of each ED stay, which made it impossible to exclude inappropriate (i.e., nonurgent) ED visits. Additionally, we considered only the timing and frequency of nephrology care prior to maintenance dialysis. We did not explore patient-provider relationships, health education content during the care process, the circulation and/or discussion of medical information between patients and care providers, or medication adherence. It is very likely that these factors could affect the outcomes of nephrology care. Otherwise, a retrospective observational design can only describe associations; i.e., it cannot be used to indicate causation. Further studies are required to validate actual causal relationships. Finally, predialysis management by primary care providers can vary considerably among regions [11] ; thus, the generalizability of the study findings should be carefully verified.
To the best of our knowledge, this was the first study to use nationwide data to explore the association between continuity of predialysis nephrology care and ED events among patients with ESRD in the early dialysis period. The need of continuity of nephrology care in the pre-ESRD stage should be addressed. A suitable disease management regime can reduce health risks, improve health care quality for patients undergoing dialysis, and facilitate the efficient use of medical resources. We recommend that health policy makers and health professionals encourage patients approaching the end stage of CKD to seek consultation with a nephrologist in a timely manner, and educate patients concerning the continuity of nephrology care.
Conclusions
This study provides further evidence to support the contention that patients undergoing dialysis face a high risk of ED visits, and that timely and frequent consultations with a nephrologist during the predialysis stage is associated with a lower incidence of ED events within the first year of beginning dialysis. 
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